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1	Introduction
In RAN  Plenary#89-e, the RAN4-led work item of NR support for high speed train (HST) scenario in FR2 has been approved [RP-202118]. In the last RAN4 meeting, the general scope of FR2 HST demodulation for UE and BS was discussed. The related agreement was captured in the WF [1] 
	· UE demodulation  requirements
· Test scope
· Test scope of DL requirements
· Only define PDSCH demodulation performance requirements in Rel-17 FR HST WI
· Requirement for scenario A or B
· Option 1: Define PDSCH demodulation performance requirements only with one deployment scenario (A or B)
·  Option 2:Define PDSCH demodulation performance requirements with the worst cases of two scenarios 
· Option 3:Define PDSCH demodulation performance requirements with both scenarios if needed 
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B
· Requirement for uni-and bi-directional RRH deployment scenarios
· FFS to define both PDSCH demodulation requirements for uni- and bi-directional RRH deployment scenarios
· FFS to define the test applicability rule if both PDSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment 
· BS demodulation  requirements
· Test scope of UL requirements
· Only define the following BS demodulation performance requirements in Rel-17 FR HST WI
· PUSCH
· UL timing adjustment
· PRACH
· Test Scope of PUSCH
· Requirement for scenario A or B
· Option 1: Define PUSCH demodulation requirements based on the worst case scenario 
· Option 2: Define PUSCH demodulation requirements only with one deployment scenario (A or B)
· Option 3: Define PUSCH demodulation requirements for both two scenarios if needed
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B
· Requirement for uni- and bi-directional RRH deployment scenarios
· FFS to define both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios
· FFS to define the test applicability rule if both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment 



In this contribution, the review on the test scope for performance part of UE/BS are further provided.
2	Discussion
Based on FR2 HST deployment discussion, both bi-directional scenario and uni-directional scenario in scenario A and scenario B are feasible from the beam coverage analysis.  Whether to define requirements for both scenarios or not, from the demodulation perspective, it should be based on whether there is different receiver behavior identified.
2.1 UE demodulation 
2.1.1 Transmission scheme 
In FR1 discussion, compared with HST single tap, both joint SFN transmission and DPS transmission scheme 1a and 1b were specified for PDSCH requirement.
Based on the agreement in the last meeting, 
	· Necessity of JT in scenario-A/B, for both Uni/Bi-directional RRH 
· Option 1: only DPS transmission mode considered for FR2 HST 
· FFS on PDSCH requirements for HST single tap



The single tap scenario can be regard to a general HST deployment.  The purpose is to verify the UE receiver behavior for proper frequency tracking in the high mobility conditions. Meanwhile, from demodulation perspective, the performance requirement of single tap can be verified by DPS transmission schemes. 
In FR1 HST, RAN4 has defined the test applicable rule for DPS transmission schemes, and HST single-tap test. If UE passed HST-DPS 1a or 1b, Rel-15 HST single-tap test and Rel-16 HST single-tap test can be skipped.  
Generally, HST single tap channel model is not a realistic model, especially for FR2, It is common understanding that multiple SSBs needs to be transmitted from each RRH, where different TRSs could be link to diverse SSB index. For FR2, since the Rx beamforming can only point to one direction, it is not feasible that UE can receiver multiple SSBs (TCI states) with different direction
In that sense, it is not feasible to define the PDSCH requirement with HST single tap channel model in FR2.
Proposal 1:  No PDSCH requirement with HST single tap channel model in FR2
2.1.2 Deployment 
Scenario A – Uni-directional vs Scenario B – Uni-directional 
Based on the FR2 HST RRH deployment discussion in the last meeting for Uni-directional scenario, the following are agreed 
	· Scenario-A, Uni-directional 
· RRH parameter
· 1 beam per RRH panel
· UE parameter
· 1 beam per panel
· 2 panels assumed to be implemented in the UE side
· Only the one active panel per UE can be used for Tx and Rx, and FFS whether another panel can be used for beam search
· Scenario-B, Uni-directional
· FFS on number of beam per RRH panel
· FFS on number of beam per UE panel 
· 2 panels assumed to be implemented in the UE side
· Only the one active panel per UE can be used for Tx and Rx, and FFS whether another panel can be used for beam search 



Scenario A – Bi-directional vs Scenario B – Bi-directional 
Based on the FR2 HST RRH deployment discussion in the last meeting for bi-directional scenario, the following are agreed 
	· Scenario-A, bi-directional
· RRH parameter
· 1 beam per RRH panel, two panels in opposition directions 
· FFS one additional beam per RRH site needed to cover neighbouring RRH site.
· UE parameter
· 1 beam per UE panel (i.e., 2 beam per UE)
· Scenario-B, Bi-directional
· FFS on number of beam per RRH panel
· FFS on number of beam per UE panel 
· 2 panels assumed to be implemented in the UE side
· Only the one active panel per UE can be used for Tx and Rx, and FFS whether another panel can be used for beam search



Based on the Rel-15 core spec, up to 64 TCI states can be configured per CORSET and 1 is activated by MAC CE. For PDSCH, up to 128 TCI states can be configured and up to 8 can be activated by MAC CE, 1 is indicted by DCI. UE can track up to 8 active TCI states, which is the feature of mandatory with capability signaling.  
The number of beam per RRH panel will impact on UE receiver behavior of frequency offset tracking based on RS in different TCI states for demodulation requirement test. 
Meanwhile, the RRH/UE boresight direction of antenna panel, beam direction and the number of beam, it will also impact on the switching point of different RRH. The related Doppler shift trajectories observed by UE will be different.  

For bi-directional RRH deployment discussion, different schemes were proposed to solve the “RRH-site” coverage issue.  The different schemes will also impact the related switching point, and the Doppler shift trajectories.
Therefore, to verify the proper time/frequency tracking, it is necessary to define PDSCH to cover different scenarios. The detail scenario and related TCI state configuration can be further discussed based on the output of RRH deployment scenario discussion.
To reduce the test effort, similar as FR1, the related test applicability rule can be defined. 
Proposal 1:  Define PDSCH requirement with Uni/Bi-directional scenario for both A and B. Define the test applicability rule to reduce the test effort.

2.2 BS demodulation 
Different with downlink, regardless the deployment or transmission scheme, only single tap is available for each RRH, since there is no multiple RRH combination assumption. In the following, the receiver impact for these four possible scenarios are further analyzed.
Scenario A – Uni-directional vs Scenario B – Uni-directional 
As agreed in the last meeting, one 1 beam per RRH and per UE panel was considered in scenario A, and FFS in scenario B.  With different Dmin and number of beam, the serving range for each RRH and the switch point (note as Ds_offset) will be different, which will impact on the channel model of Doppler shift trajectory for performance requirement
Based on the UE moving direction, there are two scenarios for Uni-directional can be considered,  one is UE moving towards serving RRH, the other is UE moving far away serving RRH.
The following value of Ds_offset are selected for feasibility simulation under Uni-directional scenario
Table 2-2-1 distance between switch point to the serving RRH
	
	UE moving towards serving RRH
	UE moving far away serving RRH

	Ds = 700m , Dmin = 10m
	Ds_offset = 700+40 (meter)
	Ds_offset = 40 (meter)

	Ds = 700m , Dmin = 150m
	Ds_offset = 700 + 370 (meter)
	Ds_offset = 370 (meter)



The Doppler shift trajectory will slightly different for these two scenarios as 
	Scenario A 
	Scenario B
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(v=350km/h, fd_max=19444Hz, Ds_offset =41+Ds
	[image: ]
(v=350km/h, fd_max=19444Hz, Ds_offset =369m+Ds 



Figure 2-2-1: The Doppler shift trajectory for uni-directional scenario in scenario A and scenario B
In the figure, the Doppler observed by RRH in scenario A is larger than that in scenario B. While from the demodulation perspective, there is no different receiver processing foreseen. Based on our initial simulation, similar performance can be achieved for uni-directional in scenario A and scenario B. Therefore, we prefer to define the requirement with one of them, the worst scenario as A can be considered. If both scenarios are introduced for PUSCH requirements, we prefer to define the test applicability to reduce the test effort, only one of them will be selected for BS test based on the manufacturer of declaration
Proposal 3:  Define PUSCH requirement with uni-directional RRH deployment scenario only in scenario A. If both scenarios are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration. 

Scenario A – Bi-directional vs Scenario B – Bi-directional 
Different with uni-directional RRH deployment scenario, two possible schemes are proposed to solve the “RRH-site” coverage issue for bi-directional RRH deployment scenario as following
[image: ]
Scheme 1- connecting to 2nd –Nearest RRH
[image: ]
Scheme 2- connecting to Nearest RRH except coverage hole
For scheme 1, UE will be served by the 2nd nearest RRH. Generally, the Doppler shift observed by RRH is same with that in Uni-directional, except for the range from Ds/2 to Ds*3/2, where UE will be served by adjacent RRH.   
For scheme 2, UE will be served by the nearest RRH. Similarly, the Doppler shift observed by RRH is same with that in Uni-directional before served RRH switching.   
The following are the Doppler shift trajectory for these two schemes
	Scheme 1
	Scheme 2
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Observation 1:  For served RRH k, Doppler shift trajectory in Bi-directional is divided with two noncontiguous segments 
Observation 2:  For served RRH k, Doppler shift trajectory in Bi-directional is divided with three noncontiguous segments
For each Doppler shift trajectory segment, the BS receiver processing is same as that in Uni-directional scenario. The performance in Bi-directional scenario for each Doppler shift trajectory segments can be verified by the single-tap performance in Uni-directional scenario. Therefore, there is no necessary to define the requirement with bi-directional for each contiguous segments.
Observation 3:  The performance in Bi-directional scenario for each Doppler shift trajectory segments can be verified by the single-tap performance in Uni-directional scenario
Based on the Doppler shift trajectory, for example, from the range Ds/2 to Ds*3/2 in scheme 1-1, UE is not served by RRH 2. This during time will be up to 7.2ms for RRH2. After during time, UE is served by RRH2. From the BS conformance test perspective, it may be not realistic to define PUSCH requirement with non-contiguous Doppler shift trajectory. 
Since the test purpose is to verify the proper receiver processing for frequency offset tracking, to simplify the test procedure, define PUSCH requirement with contiguous Doppler shift trajectory.  
If regarding multiple RRH as an integration unit, same with UE side, the equivalent Doppler shift trajectory observed by RRH as a contiguous variation as    

	Scheme 1
	Scheme 2
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The equivalent Doppler shift trajectory served by RRH in Uplink with scheme 1-1 and scheme 1-2
Regarding the requirement of scenario A or B, from the Doppler shift trajectory, Doppler observed by RRH in scenario A is larger than that in scenario B. Based on our initial results, better performance can be achieved for bi-directional in scenario B compared with scenario A. Therefore, if needed, PUSCH requirement with contiguous Doppler shift trajectory for bi-directional RRH in scenario A can be defined to verify the processing for worse case. If both scenarios are introduced for PUSCH requirements, we prefer to define the test applicability to reduce the test effort, only one of them will be selected for BS test based on the manufacturer of declaration
Proposal 1: FFS to define the PUSCH requirement with noncontiguous Doppler shift trajectory, FFS on PUSCH Statistics method during the RRH switching time for requirement definition.
Proposal 2:  If needed, define the PUSCH requirement with equivalent contiguous Doppler shift trajectory for bi-directional RRH deployment scenario with scenario A. If both scenarios A and B for bi-directional RRH deployment scenario are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration. 

3	Conclusion
In this contribution, the view on test scope of UE/BS demodulation performance requirement was provided.
Proposal 1:  No PDSCH requirement with HST single tap channel model in F
Proposal 2:  Define PDSCH requirement with Uni/Bi-directional scenario for both A and B. Define the test applicability rule to reduce the test effort.
Proposal 3:  Define PUSCH requirement with uni-directional RRH deployment scenario only in scenario A. If both scenarios are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration. 
Observation 1:  For served RRH k, Doppler shift trajectory in Bi-directional is divided with two noncontiguous segments 
Observation 2:  For served RRH k, Doppler shift trajectory in Bi-directional is divided with three noncontiguous segments
Observation 3:  The performance in Bi-directional scenario for each Doppler shift trajectory segments can be verified by the single-tap performance in Uni-directional scenario
Proposal 4: FFS to define the PUSCH requirement with noncontiguous Doppler shift trajectory, FFS on PUSCH Statistics method during the RRH switching time for requirement definition.
Proposal 5:  If needed, define the PUSCH requirement with equivalent contiguous Doppler shift trajectory for bi-directional RRH deployment scenario with scenario A. If both scenarios A and B for bi-directional RRH deployment scenario are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration. 
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